Abstract. The stereomicroscopic structure of the mucosa of the small intestine, both outside and overlying the areas with Peyer's patches, of 3-week-old piglets with white scours differed from that of clinically normal piglets of the same age. Morphological features of the villi in the clinically normal piglets varied according to their location in the small intestine. In piglets with white scours the mucosal pattern of all portions of the small intestine was changed. There was a strong correlation between the villous abnormality and a high level of total fat in the contents of the large intestine.
White scours is frequently observed in the Netherlands in suckling piglets from 2 to 4 weeks old. It is characterized by white, grey, or yellow faeces, which are usually of pasty and sometimes water-thin consistency. The disease affects some or all animals in a litter. Although death may occur, the piglets do not usually appear seriously ill. The affected animals are often somewhat depressed and are disinclined to move. Tf the disease lasts some days, the piglets lose condition [37, 431. White scours is probably similar to affections described in the literature from other countries : 'three weeks enteritis', 'milk scours' or 'nutritional scours' [38, 39, 41, 42] , 'non-infective diarrhoea' [ 17, 361, 'colibacillosis' [ 141, 'l'enterite colibacillaire de la troisikme semaine' [46] , and 'Drei-WochenDurchfall' [32] . Recent investigations have shown that the fat content of the faeces is markedly increased in white scours . This report describes the results of stereomicroscopic investigation of the small intestinal mucosa of clinically healthy piglets and of piglets with white scours; some results have been mentioned in preliminary reports [23, 241 .
Materials and Methods

Subjects
The small intestinal mucosa from 14 3-week-old clinically healthy piglets and from 14 piglets of the same age with white scours was investigated. These piglets were also used for the biochemical investigation [26] . The piglets were of the Dutch landrace (DL) and large white (LW) breeds and originated, respectively, from an experimental piggery and commercial piggeries in the province of Utrecht. All were suckling piglets that had been given a commercial baby-pig meal since they were 1 or 2 weeks old. The general health of the clinically normal pigs was examined from birth, with special attention to the digestive tract. The faeces were considered normal if they were brown and firm. At 3 weeks of age the piglets were considered clinically healthy if they had grown normally since birth and had not had diarrhoea or other disease. The diagnosis of white scours was made on the grounds of the clinical characteristics previously mentioned. Possible other diseases, especially swine fever and transmissible gastroenteritis, were excluded after clinical and follow-up bacteriological and virological examination. The duration of the diarrhoea varied from a few days to a week. The division of the clinically healthy piglets and of the piglets with white scours into a normal and abnormal group was also based on the fat content of the ingesta in the large intestine [26] . Thus, the normal group consisted of clinically healthy piglets with less than 25% total fat in the dry large intestinal content, whereas the abnormal group consisted of piglets that clinically had white scours and that had more than 50% total fat in the dry large intestinal content.
Autopsy Techniques
To prevent postmortem changes the small intestinal mucosa was removed before death. The piglets were anaesthetized with a mixture of fluothane, nitrous oxide, and oxygen. After opening of the abdomen, ring-shaped intestinal segments, 1 cm wide, were removed in six places along the small intestine as indicated in table I. The segments of small intestine were cut longitudinally, spread out with the serosal side facing down, and affixed to dental wax plates with hedgehog spines. They were then fixed in 4% formalin and examined stereomicroscopically.
Stereomicroscopic Techniques
The size, shape, and arrangement of the intestinal villican be seen witha stereomicroscope while the piece of small intestine lies in a Petri dish just under the surface of the fixative. It is often necessary to manipulate the lighting and the piece of intestine to obtain an optimal picture. Fragments of ingesta or mucus which still lie on the mucosal surface and which could make inspection of the villi difficult or impossible can usually be removed quite easily with a fine brush.
When examining the small intestinal mucosa with the stereomicroscope a distinction is made between the mucosa lying outside and the niucosa overlying the areas with Peyer's patches. The stereomicroscopic appearances of the mucosal specimens were graded according to the method of KENT and LINDENBAUM [18] . The various villous forms were defined according to terminology current in human enterology [3, 4, 181. Thus, the concept of villous ratio according to BAKER et al. [3] was used -that is, the ratio of the longest to the shortest diameter of the villus. 
Results
DifSerent Villous Forms
The different villous forms that were encountered in the various regions of the small intestine of the normal and/or abnormal piglets are presented schematically in figure 1 and photographically in figures 2-13.
The finger-shaped villi are defined as long or short, slender or thick villi with a pointed or rounded tip and a circular-to-oval diameter and with a villous ratio of less than 2 ( fig. 2-4 ). The bud-shaped villus, which only occurred in the areas with Peyer's patches, is a short and blunt villus with a wide and round-to-oval base and a rounded apex of smaller dimension, the surface of which contains at regular intervals vertical running shallow grooves that meet at the tip ( fig. 5 ). In the case of bridging villi two or more villi are connected for a varying distance at the base or at the tip ( fig. 6 ). Tongue-shaped villi are long or short villi with a wide base and a narrow tip, which is pointed or rounded ( fig. 7, 8) . A leaf-shaped villus has a villous ratio Sometimes the flat mucosa may be divided by grooves into round or polygonal shapes, the mucosa appearing like a mosaic ( fig. 13 ). Depending on the nature of the villi, seven mucosal types were distinguished in the mucosal surface according to the criteria given in table 11. The bridging villi, present in relatively small numbers, were regarded as tongue-shaped villi. Because the bud-shaped villi only occurred in the areas with Peyer's patches, they were not used as a criterion for grading the small intestinal mucosa. The mucosal types occurring in the various regions of the small intestine, but outside the areas with Peyer's patches, in the normal and abnormal piglets are shown in figure 14 . In most of the normal piglets the mucosa of all small intestinal regions examined was stereomicroscopic grade 0, whereas the mucosa in duodenum and jejunum of the abnormal piglets was primarily grades 1 and 1 % and in ileum, grades % to 1 %.
In the abnormal piglets, mucosal types of high grading were encountered in all regions of the intestine. In about half the cases, however, the severity of the mucosal changes in the jejunum increased distally. In about a third of the piglets the mucosa was more severely altered in the duodenum than in the region of the jejunum adjacent to it, whereas in about half the cases the least serious mucosal change was seen in the ileum. In one normal piglet (No. 11) the mucosa differed from that of the other piglets in the normal group by having grades % to 1 ?/2 in the various regions of the small intestine.
The differences in pattern between the mucosa of normal and abnormal piglets were statistically significant (PiO.001) in all intestinal areas examined, whereas within the normal and abnormal group the differences in mucosal patterns between the DL and LW piglets were not statistically significant.
It was also shown that within the group of normal piglets the length and diameter of the finger-shaped villi could vary per intestinal region and per individual. In general the villi in the ileum were mainly short, slender, and finger-shaped with a pointed tip; in the jejunum the villi were usually long, slender, and finger-shaped with a rounded tip; whereas in the duodenum the villi were mostly short to long, thick, and finger-shaped with a rounded tip. In normal piglets the long, tongue-shaped villi were found especially in the proximal part of the small intestine, whereas the bridging villi were seen more frequently in the abnormal than in the normal piglets.
Finally, for the normal as well as the abnormal piglets the most severe villous abnormalities were found on the crests of the mucosal folds.
Villous Architecture of Small Intestinal Mucosa Overlying Areas with Peyer's Patches Figure 15 shows the mucosal types in the areas of Peyer's patches in jejunum and/or ileum in normal and abnormal piglets. The findings show that in the areas with Peyer's patches, mucosal types of high grading can also be found in clinically normal piglets; thus, the mucosal pattern of the normal and abnormal piglets shows less striking differences within these areas than in those outside. Moreover, in normal as well as abnormal piglets the mucosal pattern of the jejunum is different from that in the ileum. In normal piglets, the areas with Peyer's patches in the jejunum show grades ! / 2 and 1 and in the ileum, mainly grades 1 and 1%; whereas in the abnormal piglets the mucosal types in the jejunum are mostly grades 1 and 1 1/2 and in the ileum, grades 1 %, 2, and 2 %. In the intestinal regions, these differences in the pattern of the mucosa of the normal and abnormal piglets were statistically significant (P<O.Ol).
Differences between the DL and LW piglets in mucosal patterns of the jejunum within the abnormal group, and of the ileum within the normal as well as abnormal group were not statistically significant. The absence of a significant difference could not be verified statistically for the jejunum of the normal group, as the number of observations made was too small.
It also became apparent from the investigation that the bud-shaped villi in normal piglets occurred primarily in the ileum, whereas in abnormal piglets their number was only distinctly increased in the jejunum. The bridging villi in the areas with Peyer's patches were again encountered more frequently in the abnormal piglets.
Discussion
The stereomicroscopic structure of the small intestinal mucosa of 3-weekold piglets with white scours differs from that of clinically normal piglets of the same age.
Examinations of normal piglets showed that the morphologic features of the villi varied according to their location in the small intestine. These findings roughly agree with the histological findings of SLOSS [35] . The finding of long, tongue-shaped villi, especially in the proximal part of the small intestine, is in accordance with the histological studies of VODOVAR [47] , who states that after birth there is a transformation of the cylindrical villi. In this transformation, which starts in the duodenum, the base of the villus widens, producing a tongue-shaped form. According to TOWNLEY et al. [44] , the duodenal mucosa is more exposed to minor degrees of damage by hydrochloric acid and food fragments than is the more distal small gut, and they suggest that in man such "normal" damage may contribute to the irregularity of the mucosal appearance in these sites. The variation in the length and diameter of the finger-shaped villi may also be connected with the intravital state of contraction at the moment of fixation and with the villous retraction during fixation [34, 481 . The appearance of the small intestinal mucosa is apparently also determined by the presence of aggregations of lymphoid tissue, which are most numerous and abundant in the distal part of the small intestine [33] .
The mucosal pattern of the clinically normal piglet, No. 11, clearly differs from that of the other clinically normal piglets. It is possible that this piglet was subclinically ill. Abnormal villous forms have also been found in normal asymptomatic men [7] . Among the clinically normal piglets, piglet 11 also had the highest total fat content of the ingesta in the large intestine [26] . MOUWEN et al. [26] state that a fat percentage of less than 25 % of the dry large intestinal content was chosen arbitrarily as a criterion for 'normal'. Thus, it is also possible that this criterion is too high.
It is now widely accepted that the changes in mucosal structure from finger-shaped to tongue-shaped, leaf-shaped, ridge-shaped, and convoluted villi and a flat mucosa are all gradations of a single process [20] . In describing the abnormal villous patterns in piglets with white scours, we have, in accordance with RUBIN and DOBBINS [30] , used descriptive terminology rather than the term atrophy, as the exact pathogenic mechanisms have not been determined. Different authors have quoted a variety of possible mechanisms, such as imbalance between cell proliferation in the crypts and cell-loss in the extrusion zone [Ill, villous fusion [31] , a progressive distention of the villi [28] , and hypertrophy of the intervillous ridges [20] . The bridging villi encountered in the present study, especially in abnormal piglets, suggest a possible role of villous fusion in the development of abnormal villous forms.
The small holes in the surface of the flat mucosa may be interpreted as the orifices of the vestibules [2, 9] . In the normal as well as the abnormal mucosal patterns we did not find indications of breed differences.
The cause of the abnormal villous patterns found in piglets with white scours is unknown. Abnormal villous forms are also observed in pigs with other diseases, such as transmissible gastroenteritis [12, 15 , 451 and enteric colibacillosis [22] . PLATT et al. [27] have produced abnormal patterns in pigs on low-protein and low-calorie diets, whereas KENWORTHY and ALLEN [19] observed them in germ-free pigs when brought into a conventional environment. According to VODOVAR [47] the size and form of the villi are dependent on age. He noted that as the pigs grow older villi become conical and then develop into different irregular shapes difficult to describe as geometrical forms. On the basis of experimental work in albino rats CHACKO et al. [8] concluded that such changes do not represent a 'normal' growth process but appear to result from damage to the mucosa associated with the continuing passage of intestinal contents, although the nature of the damaging factor(s) has not been identified. The various abnormal villous patterns are thus a non-specific feature, which is in accordance with experience in man [l, 101. SPRINZ [40] and AMMAN [l] suggest that they merely represent the characteristic reaction of the small bowel to injury.
Loss of normal villous structure reduces the absorptive surface presented to the intraluminal contents of the gut [29] . Whether the small intestine is malabsorptive is dependent on the severity and the extent of the mucosal lesion [21] . In the present study there is a strong correlation between the villous abnormality and a high level of total fat in the large intestinal con-tent. This does not necessarily point to a causal relationship because fat overload and many other factors can also lead to steatorrhoea [4, 161 . DAWSON and ISSELBACHER [ 131 and BRICE et al. [6] have demonstrated, however, that mucosal disorders can lead to a reduced intramucosal fat metabolism. Moreover, tongue-shaped and leaf-shaped villi are unable to make pumping movements, which normally might speed lymph flow and augment fat absorption [34] . In the present study, the low phospholipid and cholesterol contents of serum demonstrated in piglets with white scours may also have been related to the potential malabsorptive state of the altered small intestinal mucosa [26] .
